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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a ceramic honeycomb structure suitable for a ceramic honeycomb filter for
capturing particulate matter in an exhaust gas discharged mainly from diesel engines to clean the exhaust gas, and its
production method.

BACKGROUND OF THE INVENTION

[0002] Exhaust gases from diesel engines contain fine particles (particulate matter) mostly comprising carbon (soot,
etc.) and high-boiling-point hydrocarbons, which are likely to adversely affect humans and the environment when dis-
charged to the air. Accordingly, a ceramic honeycomb filter for removing the particulate matter to clean the exhaust gas,
which may be called "honeycomb filter" below, has conventionally been mounted in an exhaust pipe connected to a
diesel engine. As shown in Figs. 1(a) and 1(b), a honeycomb filter 20 comprises a ceramic honeycomb structure 10
comprising porous cell walls 2 forming large numbers of flow paths 3, 4 and a peripheral wall 1, which may be called
"honeycomb structure" below, and plugs 6a, 6b alternately sealing both ends 8, 9 of the flow paths 3, 4 in a checkerboard
pattern. The exhaust gas enters the outlet-sealed flow paths 3 and exits from the inlet-sealed flow paths 4 through the
cell walls 2 as shown by dotted arrows. While the exhaust gas passes through pores on and in the cell walls, the particulate
matter is captured by pores on and in the cell walls.
[0003] As the cell walls 2 continues capturing particulate matter, their pores are clogged, resulting in increased pressure
loss. A honeycomb filter can be regenerated by burning the accumulated particulate matter by a burner, a heater, etc.
Alternatively, particulate matter is brown off by washing air and burned to regenerate the honeycomb filter. Recently
conducted are a method of continuously burning particulate matter captured by pores (not shown) in cell walls 2 of a
honeycomb filter 20 with a catalytic material comprising a platinum-group metal catalyst and a high-specific-surface-
area material such as active alumina, which is carried on the cell walls 2 or in the pores, or a method of spraying an
unburned fuel into an exhaust gas upstream of a honeycomb filter and burning it, thereby burning the captured particulate
matter, etc.
[0004] The honeycomb filter 20 is required to have a high particulate-matter-capturing efficiency with a long capturing
time and low pressure loss. Among them, the capturing time (time during which particulate matter can be captured at a
certain pressure loss or less) is preferably as long as possible. A short capturing time necessitates the captured particulate
matter to be burned frequently by heating with an electric heater or a burner, or by burning an injected fuel, resulting in
much heating energy consumption, and poor fuel efficiency of diesel engines.
[0005] JP 7-163823 A discloses a porous ceramic honeycomb filter comprising cell walls having porosity of 45-60%,
the relation between the specific surface area M (m2/g) of all pores penetrating from their surfaces to their inside and
the surface roughness N (mm) of the filter being 1000M + 85N ≥ 530. It describes that such shape extends the capturing
time, thereby reducing the number of regeneration operations. It further describes that when fine talc particles and coarse
silica particles are used in combination, the coarse silica particles located on the surface increases the surface roughness
N, and the fine talc particles increases small pores as a whole, thereby increasing the specific surface area M of pores.
However, it is still insufficient to the problem of a short capturing time. Particularly because particulate matter in the
exhaust gas has become smaller and more uniform due to the improvement of diesel engines (high-pressure fuel
injection) recently, the accumulated particulate matter increases the pressure loss more, so that the capturing time tends
to become shorter.
[0006] JP 8-931 A discloses a honeycomb filter having porosity of 40-55%, an average pore diameter of 5-50 mm,
and a surface valley level (surface pore area ratio in a portion lower than an average surface determined by surface
roughness measurement) of 20% or less. It describes that because particulate matter captured on the filter surface is
easily detached, this filter has good regeneration efficiency with washing air, suffering less pressure loss increase even
after a long period of use. Because the honeycomb filter described in JP 8-931 A has a small portion lower than the
average surface determined by the roughness of the surface on which particulate matter is predominantly captured, the
captured particulate matter is well detached from the honeycomb filter by washing. However, because this honeycomb
filter has a small portion in which particulate matter is captured, the accumulated particulate matter tends to drastically
increase the pressure loss. Particularly because particulate matter in the exhaust gas has become smaller and more
uniform due to the improvement of diesel engines (high-pressure fuel injection) recently, particulate matter accumulated
in the honeycomb filter increases the pressure loss more, so that the capturing time becomes shorter.
[0007] WO 01/15877 describes that when the porosity was increased to change the valley level from 15% to 30% in
a particulate-matter-removing filter comprising a cordierite honeycomb structure having a cell wall thickness of 0.3 mm
and a cell density of 200 cpsi, the capturing ratio was improved by about 5% in a usual flat-wall honeycomb structure,
and about 10% in a wave-wall honeycomb structure. However, the valley level of about 30% is still insufficient to increase
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the capturing time, and a further increase in the porosity lowers the strength of the honeycomb structure. Accordingly,
it is difficult to provide a honeycomb filter with long capturing time, high strength, and low pressure loss.

OBJECT OF THE INVENTION

[0008] Accordingly, an object of the present invention is to provide a ceramic honeycomb structure having an elongated
capturing time due to less pressure loss increase even when particulate matter is captured, and suitable for a high-
strength honeycomb filter, and its production method.

DISCLOSURE OF THE INVENTION

[0009] As a result of extensive investigation in view of the above object, the inventors have found that by regulating
the porosity, average pore diameter and surface shape of cell walls of a ceramic honeycomb structure in particular
ranges, a honeycomb filter can be provided with reduced pressure loss increase, and thus elongated capturing time.
The present invention has been completed based on such findings.
[0010] Thus, the ceramic honeycomb structure of the present invention has large numbers of flow paths surrounded
by porous cell walls, the cell walls having porosity of 55-70%, an average pore diameter of 10-40 mm, a concave area
ratio CR (projected area ratio of portions lower than an average surface determined from cell wall surface roughness
by a least square method) of 0.32-0.6, and an average concave depth Hconcave (average depth of portions lower than
the average surface) of 0.02-0.1 mm.
[0011] The CR is preferably 0.4-0.5, and the Hconcave is preferably 0.03-0.06 mm.
[0012] The cell walls preferably have air permeability of 1 x 10-12 m2 to 8 x 10-12 m2. The cell walls preferably has
porosity of 60-70% and an average pore diameter of 15-30 mm. The thermal expansion coefficient of the cell walls in a
flow path direction is preferably 4 x 10-7/°C to 15 x 10-7/°C between 40°C and 800°C.
[0013] The method of the present invention for producing a ceramic honeycomb structure comprises mixing and
blending cordierite-forming material powder with a pore-forming material to obtain a moldable material, and molding,
drying and sintering the moldable material, the cordierite material powder containing 5-20% by mass of silica powder
having a BET specific surface area of 1-3 m2/g and an aspect ratio of 1.2-5, the pore-forming material being a foamed
resin having an average particle size of 40-80 mm, 6-15 parts by mass of the foamed resin being added to 100 parts by
mass of the cordierite-forming material powder.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1 (a) is a schematic cross-sectional view showing one example of the ceramic honeycomb filters of the present
invention perpendicularly to its flow paths.
Fig. 1 (b) is a schematic cross-sectional view showing one example of the ceramic honeycomb filters of the present
invention in parallel with its flow paths.
Fig. 2 is a view showing the measurement results of the surface roughness of the ceramic honeycomb structure of
Example 3.
Fig. 3 is a schematic cross-sectional view showing pores in the cell walls of the conventional ceramic honeycomb
structure.
Fig. 4 is a schematic cross-sectional view showing pores in the cell walls of the ceramic honeycomb structure of
the present invention.

DESCRIPTION OF THE BEST MODE OF THE INVENTION

[1] Ceramic honeycomb structure

[0015] The ceramic honeycomb structure of the present invention has large numbers of flow paths surrounded by
porous cell walls, the cell walls having porosity of 55-70%, an average pore diameter of 10-40 mm, a concave area ratio
CR (projected area ratio of portions lower than an average surface determined from cell wall surface roughness by a
least square method) of 0.32-0.6, and an average concave depth Hconcave (average depth of portions lower than the
average surface) of 0.02-0.1 mm. Such shape can provide a honeycomb structure with reduced pressure loss increase
when particulate matter is captured, as well as high strength.
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(1) Concave area ratio, average concave depth and average convex height

[0016] The concave area ratio and the average concave depth are measured by the flowing methods. Using a three-
dimensional surface roughness meter, an arbitrary region (0.8 mm x 0.8 mm) of a cell wall surface is scanned by a stylus
having a tip end having a radius of curvature of 2 mm at an angle of 60° in both X and Y directions, to obtain 160,000
surface roughness data in total with an interval of 2 mm. An average surface is determined from these data by a least
square method, and the total area (projected onto the average surface) of portions lower than the average surface is
divided by the measured area (0.82 mm2) to obtain the concave area ratio CR. Namely, CR is a projected area ratio of
portions lower than the average surface determined from cell wall surface roughness by a least square method. For
instance, CR of 0.3 substantially corresponds to the valley level (described in JP 8-931 A and WO 01/15877) of 30%.
The average concave depth Hconcave is an average depth of concaves from the average surface in the measured area
(0.8 mm x 0.8 mm).
[0017] With the concave area ratio CR in a range of 0.32-0.6 and the average concave depth Hconcave in a range of
0.02-0.1 mm, the cell wall surface has concaves suitable for capturing particulate matter, resulting in reduced pressure
loss increase when particulate matter is captured.
[0018] When the CR is less than 0.32 (too small concave area ratio), the captured particulate matter easily clogs the
concaves, failing to reduce the pressure loss increase. When the CR exceeds 0.6 (too large concave area ratio), the
concaves have too large openings, resulting in a honeycomb structure having reduced strength, which cannot substan-
tially be used for a honeycomb filter. The CR is more preferably in a range of 0.35-0.5, most preferably 0.4-0.5.
[0019] A large CR does not simply mean that the cell wall surface has a large pore opening area ratio. Figs. 3 and 4
schematically show the cross-sectional shapes of pores. The average surface 23 is a surface on which the total of the
square of the measured area of convexes 21 and concaves 22 is minimum. The CR is an area ratio (sum of a1, a2 ...)
of concaves 22 projected onto the average surface. On the other hand, the opening area ratio of the cell wall surface is
an area ratio (sum of b1, b2 ...) of openings on the surface 24. For instance, when the cell wall surface has a large
opening area ratio and a small CR as shown in Fig. 3, the particulate matter easily enter pores, but it tends to be
accumulated in deep portions of the pores because of small CR, resulting in premature increase in pressure loss. On
the other hand, in the case of the ceramic honeycomb structure of the present invention, which has a large CR as shown
in Fig. 4, the pores are not easily clogged by particulate matter, resulting in reduced pressure loss increase.
[0020] The crux of the present invention is to provide cell walls having as relatively low porosity as 70% or less with
CR of 0.3 or more, although cell walls having as high porosity as about 80% are conventionally needed to obtain CR of
0.3 or more. This can reduce pressure loss increase without lowering the strength of a ceramic honeycomb structure.
Selected to obtain such a honeycomb structure are ceramic materials melting at relatively low temperatures and having
as large a BET specific surface area as 1-3 m2/g and as large an aspect ratio as 1.2-5 (for instance, silica powder in the
case of cordierite), and a foamed resin having an average particle size of 40-80 mm as a pore-forming material.
[0021] When Hconcave is less than 0.02 mm, the concaves are too shallow, failing to reduce pressure loss increase
when particulate matter is captured. When Hconcave exceeds 0.1 mm, the cell wall surface has too deep concaves, whose
tips act as starting points of reducing the strength of the cell walls. Hconcave is more preferably in a range of 0.03-0.06 mm.
[0022] In the ceramic honeycomb structure, an average convex height Hconvex (average height of convexes from the
average surface) is preferably 0.1 mm or less, to keep resistance low when an exhaust gas passes through the flow paths.

(2) Porosity and average pore diameter

[0023] The ceramic honeycomb structure of the present invention comprises cell walls having porosity of 55-70% and
an average pore diameter of 10-40 mm, thereby reducing the pressure loss of a honeycomb filter in an initial stage before
capturing particulate matter. When the cell walls have porosity of less than 55%, the pressure loss of a honeycomb filter
is high in an initial stage. When the porosity exceeds 70%, the honeycomb structure has reduced strength. The porosity
is more preferably in a range of 60-70%. When the average pore diameter is less than 10 mm, the pressure loss of a
honeycomb filter is high in an initial stage. When the average pore diameter exceeds 40 mm, the ceramic honeycomb
structure has reduced strength. The average pore diameter is more preferably in a range of 15-30 mm.

(3) Air permeability

[0024] In the ceramic honeycomb structure, the cell walls preferably have air permeability of 1 x 10-12 m2 to 8 x 10-12

m2. With cell walls having air permeability in this range, the pressure loss of a honeycomb filter can be reduced in an
initial stage, and further the pressure loss increase when particulate matter is captured can be reduced. The air perme-
ability is more preferably 3 x 10-12 m2 to 7 x 10-12 m2. In the present invention, the air permeability is determined by the
formula (1). 



EP 2 070 576 B1

5

5

10

15

20

25

30

35

40

45

50

55

wherein k is air permeability (m2), η is the viscosity (MPa·second) of air at room temperature, T is sample thickness (m),
Q is the flow rate (m3) of air passing through the sample, A is a sample area (m2), and ΔP is a pressure difference (MPa)
in a sample thickness direction. The air permeability k is determined by measuring the flow rate of air passing through
a cell wall sample cut out of the ceramic honeycomb filter, which is fixed to a holder and subjected to air pressure
difference on both sides.

(4) Thermal expansion coefficient

[0025] In the ceramic honeycomb structure, the thermal expansion coefficient of cell walls in a flow path direction is
preferably 4 x 10-7/°C to 15 x 10-7/°C between 40°C and 800°C. The ceramic honeycomb structure having such a thermal
expansion coefficient exhibits excellent thermal shock resistance, less likely to be broken by drastic temperature change.
The more preferred thermal expansion coefficient of cell walls in a flow path direction is 5 x 10-7/°C to 12 x 10-7/°C
between 40°C and 800°C.

(5) Cell wall thickness and pitch

[0026] The ceramic honeycomb structure preferably has cell wall thickness of 0.1-0.5 mm. When the cell wall thickness
is less than 0.1 mm, the honeycomb structure has low strength because it is a porous body comprising cell walls with
porosity of 55-70%. On the other hand, when the cell wall thickness exceeds 0.5 mm, an exhaust gas undergoes large
resistance when passing through the cell walls, even though the cell walls have as high porosity as 55-70%, so that a
honeycomb filter suffers large pressure loss. The more preferred cell wall thickness is 0.2-0.4 mm.
[0027] The cell wall pitch is preferably 1-3 mm. When the cell wall pitch is less than 1 mm, a honeycomb filter suffers
large pressure loss at the inlet, because the honeycomb structure inlet has a small opening area. When the cell wall
pitch exceeds 3 mm, the filter has a smaller area, resulting in the reduced amount of particulate matter captured.

(6) Shape of flow paths

[0028] Though not particularly restricted, the shape of flow paths defined by the cell walls of the ceramic honeycomb
structure is preferably triangular, rectangular, hexagonal or circular from the aspect of production. The flow paths are
preferably rectangular, from the aspect of the strength and filtering area of a honeycomb structure. Because curved cell
walls give large resistance to an exhaust gas passing through the flow paths, the cell walls are preferably flat. In a cross
section perpendicular to the flow paths, the maximum deviation (maximum amplitude) between a straight line connecting
intersections of cell walls defining one flow path and a centerline of a cell wall is preferably less than 100% of the cell
wall thickness. The maximum amplitude is more preferably less than 50%, further preferably less than 30%, of the cell
wall thickness.

(7) Materials

[0029] Materials forming the cell walls and plugs of the ceramic honeycomb filter are preferably those having excellent
heat resistance, because the present invention is used to remove particulate matter from an exhaust gas discharged
mainly from diesel engines. Specifically, a ceramic material comprising as a main crystal at least one selected from the
group consisting of cordierite, alumina, mullite, silicon nitride, sialon, silicon carbide, aluminum titanate, aluminum nitride
and LAS is preferable. A material comprising cordierite or aluminum titanate as a main crystal is particularly preferable
because it is inexpensive and has excellent heat resistance and corrosion resistance as well as low thermal expansion.
Among them, the cordierite is most preferable. Although materials forming the cell walls and the plugs may be different,
they are preferably the same to minimize stress generated by the difference in a thermal expansion coefficient between
the cell walls and the plugs.

[2] Production method

[0030] An example of the method of the present invention for producing a ceramic honeycomb structure will be explained
without intension of restriction. A moldable material, which becomes a material such as cordierite, alumina, mullite,
silicon nitride, sialon, silicon carbide, aluminum titanate, aluminum nitride, LAS, etc. by sintering, is first prepared. This
moldable material may be prepared, for instance, by blending cordierite-forming material powder, etc. with water, a
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binder and a pore-forming material. The moldable material is extrusion-molded by a known honeycomb-structure-molding
die, and dried to provide a dried honeycomb structure.
[0031] The dried honeycomb structure is machined to remove its peripheral portion, and sintered to provide a ceramic
honeycomb structure. With the peripheral portion machined, the honeycomb structure has open grooves extending
substantially longitudinally on its periphery. Both end portions of the desired flow paths of the ceramic honeycomb
structure are filled with a plugging material slurry, and sintered so that plugs are made integral with the cell walls. The
cell walls and the plugs may be sintered simultaneously. Further, the grooves on the periphery of the ceramic honeycomb
structure are coated with a material comprising, for instance, the same ceramic aggregates as those for the cell walls
and an inorganic binder to form a peripheral wall, and if necessary, sintered to integrate the cell walls and the peripheral
wall, thereby obtaining a ceramic honeycomb filter.
[0032] The removal of the peripheral portion may be conducted using a cylinder grinder, after the dried honeycomb
structure is sintered. Thus, after removing the peripheral portion easily deformable during extrusion molding, a peripheral
wall comprising ceramic aggregates and an inorganic binder can be formed to provide a ceramic honeycomb filter with
high strength, which has high durability even when mounted to a diesel engine.
[0033] The ceramic honeycomb structure having porosity of 55-70% and an average pore diameter of 10-40 mm, and
comprising cell walls whose surfaces have a concave area ratio CR of 0.32-0.6 and an average concave depth Hconcave
of 0.02-0.1 mm is obtained by using ceramic material powder having a particular shape (for instance, silica powder
having a particular shape when the honeycomb structure is made of cordierite), and a foamed resin having an average
particle size of 40-80 mm as a pore-forming material. Because the silica powder is molten at relatively low temperatures
during sintering, pores corresponding to the powder shapes are formed. With 5-20% by weight of silica particles having
such shapes as to have a BET specific surface area of 1-3 m2/g and an aspect ratio of 1.2-5 added to the cordierite
material powder, the cell walls are provided with concaves effectively capturing particulate matter on the surface. The
silica powder may be quartz, cristobalite, fused silica, etc., and the fused silica is preferable to form concaves effectively.
[0034] 6-15 parts by mass of the foamed resin having an average particle size of 40-80 mm is added to 100 parts by
mass of the ceramic materials. A combination of this foamed resin with the silica powder provides as relatively low
porosity as 70% or less, and as large CR as 0.3 or more.
[0035] When the ceramic honeycomb structure is made of cordierite as a main crystal, it is preferable to use silica
having an average particle size of 5-25m m, talc having an average particle size of 8-15 mm, and alumina having an
average particle size of 4-20 mm. Particularly, alumina powder preferably has a pore size distribution (by volume) having
one or more peaks in particle size regions of 0.5-10 mm and 10-80 mm, respectively.
[0036] The use of such ceramic materials provides a ceramic honeycomb structure comprising cell walls having rough
surfaces with concaves at a proper ratio.
[0037] The present invention will be described in detail with reference to Examples below without intension of limitation.

Example 1

[0038] The powders of kaolin, talc, silica A (fused silica), alumina and aluminum hydroxide shown in Tables 1 and 2
were weighed to the formulation A shown in Table 3 to obtain a cordierite-forming material powder. Added to 100 parts
by mass of this cordierite-forming material powder were 6 parts by mass of a foamed resin having an average particle
size of 60 mm as a pore-forming material, and methylcellulose and hydroxypropylmethylcellulose as a binder. After fully
dry-mixed, water was added, and blending was conducted to prepare a moldable ceramic material. The specific surface
area of each powder was measured by a BET method, and the average particle size of each powder was measured by
a laser diffraction method. The aspect ratio was determined by measuring the largest diameters and the smallest diam-
eters of arbitrary 10 particles on a SEM photograph, and averaging (largest diameter)/(smallest diameter) ratios. This
moldable material was extrusion-molded, cut and dried to obtain a dried body having a honeycomb structure. This dried
body was machined to remove its peripheral portion to obtain a dried honeycomb structure having grooves extending
substantially longitudinally on the surface, which was sintered at 1400°C in a batch furnace to obtain a ceramic honeycomb
structure. This ceramic honeycomb structure with open grooves extending substantially longitudinally had an outer
diameter of 265 mm, a length of 304 mm, a cell wall thickness of 0.3 mm, and a cell wall pitch of 1.5 mm.
[0039]

Table 1

Ceramic Material Specific Surface Area (m2/g) Average Particle Size (mm)

Kaolin 15 3

Talc 6 13

Alumina(1) 4 8
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[0040]

[0041]

[0042] The desired flow paths in both end portions of the ceramic honeycomb structure were filled with a plugging
material slurry comprising a cordierite-forming material, and the resultant plugs were sintered at 1400°C to make them
integral with the cell walls. Further, grooves on the periphery of the ceramic honeycomb structure were coated with a
material comprising cordierite aggregates having an average particle size of 15 mm and colloidal silica to form a peripheral
wall, and dried to make the peripheral wall integral with the cell walls, thereby obtaining a ceramic honeycomb filter
having an outer diameter of 267 mm and a length of 304 mm (filter volume: 17 L).

Examples 2-5

[0043] Ceramic honeycomb filters of Examples 2, 3, 4 and 5 were produced in the same manner as in Example 1
except for using as a pore-forming material a foamed resin having an average particle size of 60 mm in an amount of 8
parts by mass, 10 parts by mass, 12 parts by mass and 14 parts by mass, respectively.

Examples 6 and 7

[0044] Ceramic honeycomb filters of Examples 6 and 7 were produced in the same manner as in Example 3 except
for changing the formulation of the ceramic material powder to the formulations B and C shown in Table 3.

Comparative Examples 1 and 2

[0045] Ceramic honeycomb filters of Comparative Examples 1 and 2 were produced in the same manner as in Example
1 except for using a foamed resin having an average particle size of 60 mm in an amount of 5 parts by mass and 16
parts by mass, respectively, as a pore-forming material.

(continued)

Ceramic Material Specific Surface Area (m2/g) Average Particle Size (mm)

Aluminum Hydroxide 5 2.7

Note: (1) The particle size distribution had peaks at 5 mm and 20 mm, respectively.

Table 2

Silica Specific Surface Area (m2/g) Aspect Ratio Average Particle Size (mm)

Silica A 2.2 3.5 20

Silica B 4.5 4.2 6

Silica C 0.6 1.1 46

Table 3

Ceramic Material
Formulation (% by mass)

A B C D E

Kaolin 7.6 18.9 10.4 7.6 7.6

Talc 41.0 40.8 41.0 41.0 41.0

Alumina 22.8 19.2 22.0 22.8 22.8

Aluminum Hydroxide 11.1 9.3 10.6 11.1 11.1

Silica A 17.5 11.8 16 - -

Silica B - - - 17.5 -

Silica C - - - - 17.5
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Comparative Examples 3 and 4

[0046] Ceramic honeycomb filters of Comparative Examples 3 and 4 were produced in the same manner as in Example
2 except for using silica B powder and silica C powder in place of the silica A powder.

Comparative Examples 5 and 6

[0047] Ceramic honeycomb filters were produced in the same manner as in Example 2, except for using 40 parts by
mass of graphite powder having an average particle size of 20 mm in Comparative Example 5, and 8 parts by mass of
a foamed resin having an average particle size of 86 mm in Comparative Example 6, in place of the foamed resin having
an average particle size of 60 mm.

Comparative Example 7

[0048] According to Example 13 described in JP 8-931 A, talc having an average particle size of 10 mm, silica having
an average particle size of 40 mm, kaolin having an average particle size of 3 mm, alumina having an average particle
size of 1.8 mm, and other cordierite-forming materials were mixed to have a cordierite composition comprising 42-56%
by mass of SiO2, 30-45% by mass of Al2O3 and 12-16% by mass of MgO, and this mixture was blended with 20% by
mass of graphite, and further with methylcellulose, a surfactant and water, extrusion-molded, and dried to form a dried
honeycomb structure. Thereafter, the dried body was machined to remove a peripheral portion, sintered at 1400°C, and
provided with plugs and a peripheral wall in the same manner as in Example 1, to obtain a ceramic honeycomb filter of
Comparative Example 7 having an outer diameter of 267 mm, a length of 304 mm (filter volume: 17 L), a cell wall
thickness of 0.3 mm, and a cell wall pitch of 1.5 mm.
[0049] With respect to each ceramic honeycomb filter of Examples 1-7 and Comparative Examples 1-7, pressure
difference between the inlet and the outlet was measured by a pressure test stand to determine pressure loss, which
was evaluated by the flowing standard.

Excellent: Much lower pressure loss than permitted in practical applications (passed),
Good: Pressure loss equal to or lower than a practically permitted level (passed), and
Poor: Pressure loss exceeding a practically permitted level (failed).

[0050] Further, 17 g (1g per 1 L of the filter volume) of carbon powder having a particle size of 0.042 mm was added
at a speed of 3 g/h to an air stream supplied to the ceramic honeycomb filter at a flow rate of 10 Nm3/min. A pressure
loss increase ratio was calculated from the pressure loss before and after adding the carbon powder by the flowing formula: 

[0051] The pressure loss increase ratio was evaluated by the following standard.

Excellent: 15% or less of a pressure loss increase ratio (passed),
Good: 20% or less of a pressure loss increase ratio (passed),
Poor: More than 20% of a pressure loss increase ratio (failed).

[0052] A test piece was cut out of each ceramic honeycomb filter to measure porosity, an average pore diameter, a
concave area ratio CR (projected area ratio of portions lower than an average surface determined from cell wall surface
roughness by a least square method), an average concave depth Hconcave (average depth of portions lower than the
average surface), an average convex height Hconvex (average height of convexes from the average surface), air perme-
ability of a cell wall, a thermal expansion coefficient of a cell wall in a flow path direction between 40°C and 800°C, and
an A-axis compression strength of a cell wall.
[0053] The porosity and the average pore diameter were measured by mercury intrusion porosimetry using AutoPore
III available from Micromeritics. A test piece cut out of each ceramic honeycomb filter was put in a measurement cell,
and evacuated. Mercury was then introduced under pressure. From the relation of the pressure and the volume of
mercury intruded into pores in the test piece, the relation of a pore diameter and a cumulative pore volume was determined.
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The mercury-introducing pressure was 0.5 psi (0.35 x 10-3 kg/mm2), and the pore diameter was calculated using a
contact angle of 130°, and a surface tension of 484 dyne/cm. The porosity was calculated from the measured total pore
volume, assuming that cordierite has a true density of 2.52 g/cm3.
[0054] The concave area ratio CR, the average concave depth Hconcave and the average convex height Hconvex were
measured by the following methods. Using a three-dimensional surface roughness meter available from Mitutoyo Cor-
poration, an arbitrary region (0.8 mm x 0.8 mm) of a cell wall surface was scanned with a stylus having a tip end having
a radius of curvature of 2 mm and an angle of 60° under a load of 85 mgf, to obtain 160,000 surface roughness data in
total in both X and Y directions at an interval of 2 mm. An average surface was determined from the roughness data by
a least square method, and a total area of concaves (portions lower than this average surface) projected onto the average
surface was divided by the measured area of 0.8 mm x 0.8 mm to determine a concave ratio CR. Hconcave is an average
depth of concaves from the average surface in the measured area of 0.8 mm x 0.8 mm, and Hconvex is an average height
of convexes from the average surface in the measured area of 0.8 mm x 0.8 mm. Fig. 2 shows a convex 21 and a
concave 22 when the cell wall of Example 3 is cut along the average surface.
[0055] The air permeability of the cell walls was measured by Perm-Porometer available from Porous Materials Inc.
The air permeability k was determined by measuring the flow rate of air passing through a cell wall sample cut out of
the ceramic honeycomb filter, which was mounted to a holder with air pressure difference on both surfaces.
[0056] The thermal expansion coefficient was measured on a test piece of 4.8 mm x 4.8 mm x 50 mm mounted to a
thermomechanical analyzer such that its longitudinal direction was aligned with the flow paths of the ceramic honeycomb
structure. The thermal expansion coefficient was an average value between 40°C and 800°C.
[0057] The A-axis compression strength was measured according to "a method of testing a ceramic monolith carrier
for an exhaust-gas-cleaning catalyst for automobiles," a Standard M505-87 of the Society of Automotive Engineers of
Japan.
[0058] The specific surface area M (m2/g) of pores was measured by Autopore III available from Micromeritics together
with the porosity and the average pore diameter. The cell wall surface roughness was measured by a surface roughness
meter.
[0059] The maximum amplitude of cell walls was determined by measuring the maximum difference (maximum am-
plitude) between a straight line connecting intersections of pluralities of cell walls constituting one flow path and a
centerline of a cell wall in a cross section perpendicular to the flow path at four points for each of five flow paths, and
averaging the resultant 20 measurement data. These results are shown in Table 4.
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[0060] As shown in Table 4, because each ceramic honeycomb filter of Examples 1-7 formed by the ceramic honeycomb
structure of the present invention had cell wall porosity of 55-70%, an average pore diameter of 10-40 mm, a concave
area ratio CR of 0.32-0.6, and Hconcave of 0.02-0.1 mm, it has low carbon-capturing pressure loss, which led to small
pressure loss increase when particulate matter was captured, and an A-axis compression strength of 3 MPa or more.
On the other hand, the ceramic honeycomb filter of Comparative Example 1 was evaluated as "failed" (Poor) with respect
to pressure loss because its porosity was less than 55%, and the ceramic honeycomb filter of Comparative Example 2
had low A-axis compression strength because the porosity exceeded 70%. The ceramic honeycomb filters of Comparative
Examples 3 and 7 suffered high carbon-capturing pressure loss, and large pressure loss increase when particulate
matter was captured, because their CR was less than 0.32. The ceramic honeycomb filter of Comparative Example 4
had low A-axis compression strength because its CR exceeded 0.6. The ceramic honeycomb filter of Comparative
Example 5 had high carbon-capturing pressure loss, and large pressure loss increase when particulate matter was
captured, because its Hconcave was 0.02 mm or less despite its CR in a range of 0.32-0.6. The ceramic honeycomb filter
of Comparative Example 6 had low A-axis compression strength, because its Hconcave was 0.1 mm or more despite its
CR in a range of 0.32-0.6. The ceramic honeycomb filter described in JP 8-931 A had high carbon-capturing pressure
loss, and large pressure loss increase when particulate matter was captured.
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EFFECTS OF THE INVENTION

[0061] Because the ceramic honeycomb structure of the present invention has rough cell wall surfaces, with the ratio
and depth of concaves in proper ranges, the honeycomb filter suffers less pressure loss increase when particulate matter
is captured, so that it has a prolonged carbon-capturing time and improved strength.

Claims

1. A ceramic honeycomb structure having porous cell walls defining large numbers of flow paths, said cell walls having
a porosity of 55-70%, an average pore diameter of 10-40 mm, a concave area ratio CR, i.e. a projected area ratio
of portions lower than an average surface determined from cell wall surface roughness by a least square method,
of 0.32-0.6, and an average concave depth Hconcave, i.e. an average depth of portions lower than the average
surface, of 0.02-0.1 mm.

2. The ceramic honeycomb structure of claim 1, wherein said CR is 0.4-0.5.

3. The ceramic honeycomb structure of any preceding claim, wherein said Hconcave is 0.03-0.06 mm.

4. The ceramic honeycomb structure of any preceding claim, wherein said cell walls have air permeability of 1 x 10-12

m2 to 8 x 10-12 m2.

5. The ceramic honeycomb structure of any preceding claim, wherein said cell walls have porosity of 60-70% and an
average pore diameter of 15-30 mm.

6. The ceramic honeycomb structure of any preceding claim, wherein said cell walls have a thermal expansion coefficient
of 4 x 10-7/°C to 15 x 10-7/°C in a flow path direction between 40°C and 800°C.

7. A method for producing a ceramic honeycomb structure of claim 1, comprising mixing and blending a cordierite-
forming material powder with a pore-forming material to form a moldable material, and molding, drying and sintering
said moldable material, said cordierite-forming material powder containing 5-20% by mass of silica powder having
a BET specific surface area of 1-3 m2/g and an aspect ratio of 1.2-5, and said pore-forming material being a foamed
resin having an average particle size of 40-80 mm and added in an amount of 6-15 parts by mass to 100 parts by
mass of said cordierite-forming material powder.

Patentansprüche

1. Keramikwabenstruktur mit porösen Zellwänden, die eine große Anzahl von Strömungspfaden definieren, wobei die
Zellwände eine Porosität von 55-70%, einen mittleren Porendurchmesser von 10-40 um, ein Konkavflächenverhältnis
CR, d.h. ein projiziertes Flächenverhältnis von Abschnitten niedriger als eine von einer Zellwandoberflächenrauigkeit
mittels einer Methode der kleinsten Quadrate festgestellten mittleren Oberfläche, von 0,32-0,6, und eine mittlere
Konkavtiefe Hconcave, d.h. eine mittlere Tiefe von Abschnitten niedriger als die mittlere Oberfläche, von 0,02-0,1 mm
aufweisen.

2. Keramikwabenstruktur nach Anspruch 1, wobei das CR 0,4-0,5 ist.

3. Keramikwabenstruktur nach einem der vorhergehenden Ansprüche, wobei die Hconcave 0,03-0,06 mm ist.

4. Keramikwabenstruktur nach einem der vorhergehenden Ansprüche, wobei die Zellwände eine Luftpermeabilität von
13 10-12 m2 bis 8310-12 m2 aufweisen.

5. Keramikwabenstruktur nach einem der vorhergehenden Ansprüche, wobei die Zellwände eine Porosität von 60-70%
und einen mittleren Porendurchmesser von 15-30 mm aufweisen.

6. Keramikwabenstruktur nach einem der vorhergehenden Ansprüche, wobei die Zellwände in einer Strömungspfad-
richtung zwischen 40°C und 800°C einen Wärmeausdehnungskoeffizienten von 4310-7/°C bis 15310-7/°C aufwei-
sen.
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7. Verfahren zum Herstellen einer Keramikwabenstruktur nach Anspruch 1, umfassend: Mischen und Vermengen
eines Kordierit-bildenden Materialpulvers mit einem porenbildenden Material, um ein formbares Material zu bilden,
und Formen, Trocknen und Sintern des formbaren Materials, wobei das Kordierit-bildende Materialpulver 5-20
Massen-% an Siliziumdioxidpulver mit einem BET-spezifischen Oberflächenbereich von 1-3 m2/g und einem Form-
faktor von 1,2-5 enthält, und wobei das porenbildende Material ein geschäumtes Harz mit einer mittleren Partikel-
größe von 40-80 mm ist und in einer Menge von 6-15 Massenteile auf 100 Massenteile des Kordierit-bildenden
Materialpulvers hinzugefügt wird.

Revendications

1. Structure céramique en nid-d’abeilles ayant des parois d’alvéoles poreuses définissant de grands nombres de
chemins d’écoulement, lesdites parois d’alvéoles ayant une porosité de 55 à 70 %, un diamètre moyen de pore de
10 à 40 mm, un rapport d’aires concaves CR, à savoir un rapport d’aires projeté des parties plus basses qu’une
surface moyenne déterminée à partir de la rugosité superficielle des parois d’alvéoles par une méthode des moindres
carrés, de 0,32 à 0,6, une profondeur moyenne de concavités Hconcavité, à savoir une profondeur moyenne des
parties plus basses que la surface moyenne, de 0,02 à 0,1 mm.

2. Structure céramique en nid-d’abeilles selon la revendication 1, dans laquelle ledit CR est de 0,4 à 0,5.

3. Structure céramique en nid-d’abeilles selon l’une quelconque des revendications précédentes, dans laquelle ladite
Hconcavité est de 0,03 à 0,06 mm.

4. Structure céramique en nid-d’abeilles selon l’une quelconque des revendications précédentes, dans laquelle lesdites
parois d’alvéoles ont une perméabilité à l’air de 1 x 10-12 m2 à 8 x 10-12 m2.

5. Structure céramique en nid-d’abeilles selon l’une quelconque des revendications précédentes, dans laquelle lesdites
parois d’alvéoles ont une porosité de 60 à 70 % et un diamètre moyen de pore de 15 à 30 mm.

6. Structure céramique en nid-d’abeilles selon l’une quelconque des revendications précédentes, dans laquelle lesdites
parois d’alvéoles ont un coefficient de dilatation thermique de 4 x 10-7/°C à 15 x 10-7/°C dans la direction d’un chemin
d’écoulement entre 40 °C et 800 °C.

7. Procédé de fabrication d’une structure céramique en nid-d’abeilles selon la revendication 1, comprenant le mélange
et le malaxage d’une poudre de matériau formant de la cordiérite avec un matériau porogène pour former un matériau
moulable, et le moulage, le séchage et le frittage dudit matériau moulable, ladite poudre de matériau formant de la
cordiérite contenant 5 à 20 % en masse de poudre de silice ayant une surface spécifique BET de 1 à 3 m2/g et un
rapport d’aspect de 1,2 à 5, et ledit matériau porogène étant une résine expansée ayant une taille moyenne de
particule de 40 à 80 mm et étant ajouté en une quantité de 6 à 15 parties en masse à 100 parties en masse de ladite
poudre de matériau formant de la cordiérite.
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